Typical instruments for assessing energy intake in humans rely primarily on self-report and are now recognized to be quantitatively inaccurate and imprecise (1, 2) . This limitation poses a major challenge for human obesity research because energy intake is believed to be an important driver in the pathogenesis of obesity and is a key target of obesity treatment at both the individual and population levels. Fortunately, the principle of energy conservation can be used to calculate average energy intake over a given time period by using an approach that has come to be known as the ''intake-balance method'' (3).
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Full implementation of the intake-balance method requires repeated measurements of body composition to assess changes in body energy stores and repeated measurements of energy expenditure. Because these measurements are expensive and require sophisticated equipment and highly trained personnel, the intakebalance method is not currently practical for widespread use in large research studies or for clinical use in counseling individual patients.
Several years ago, my research group proposed that mathematical models of human metabolism and body weight dynamics might be used as an adjunct to the intake-balance method by replacing some of the expensive measurements with model predictions (4-7). Investigators could then inexpensively estimate energy intake changes over time by using repeated body weight measurements as model inputs. This concept has since been implemented in a variety of applications (8) (9) (10) (11) . In this issue of the Journal, 2 new studies have used mathematical modeling approaches to estimate human energy intake. Gilmore et al (12) investigated experimental overfeeding, and Thomas et al (13) investigated the body weight plateau experienced by many dieters at ;6 mo into a weight-loss intervention.
In the study by Gilmore et al (12) , the investigators used baseline measurements of energy requirements and proposed a mathematical model of how energy expenditure changes during experimental overfeeding. The modeled energy expenditure included the thermic effect of overfeeding and the energy cost to deposit fat and fat-free tissues. The model predictions were used as part of the intake-balance method to dispense with subsequent energy expenditure measurements. Gilmore et al found that the estimated average energy intake during overfeeding reasonably matched the actual energy intake and the uncertainty of the method amounted to a few hundred kilocalories per day. These results are far superior to self-report methods and provide further support for the intake-balance method during periods of overfeeding and weight gain.
Interestingly, the energy expenditure model used by Gilmore et al did not account for the increased maintenance energy expenditure associated with weight gain, the so-called maintenance energy gap (6) . The magnitude of this energy expenditure component for weight gained over short time periods is relatively small (;20-30 kcal/d per kg of weight gained), but the maintenance energy gap has important implications when investigating energy intake changes underlying long-term weight gain (5, 6). Gilmore et al also acknowledge that their energy expenditure model did not consider changes in physical activity during overfeeding. In particular, they did not model nonexercise activity thermogenesis (NEAT), which has previously been implicated as the primary, but highly variable, determinant of individual weight gain during overfeeding (14) . Perhaps this omission may help explain some of the individual variability in the estimated energy intake measurements compared with actual intake.
Apart from these omissions, there are also some important limitations of the energy expenditure model proposed by Gilmore et al. For example, the energy cost for tissue deposition was lumped together within the calculated changes in body energy stores in their Equation 2. Unfortunately, the parameter values defining the tissue deposition efficiencies were derived by using a method that has recently been criticized as prone to nonphysiologic results because the efficiency coefficients are derived from an ill-posed statistical procedure whose results cannot be justifiably transferred from one study to another (15) .
Perhaps the most serious limitation in extending the analyses of Gilmore et al to other studies is that their model of the thermic effect of overfeeding used the actual energy intake as a model input. Of course, this is the very quantity that the intake-balance method was intended to estimate, and the fact that it was used as a model input can be seen by expanding Equations 1 and 3 of Gilmore et al as follows:
where EE 0 is the baseline energy requirement, DES is the rate of change in body energy stores, and the quantity to be estimated, EI (energy intake), is clearly on the right side of the equation that was used in its own estimation. Although the current study had access to the actual EI, which thereby provides the most accurate way to estimate the thermic effect of overfeeding, other studies would not have access to this quantity. Fortunately, the following simple rearrangement of this equation could be used in cases in which actual EI is unknown:
It would be interesting to reanalyze the data of Gilmore et al with the use of different energy expenditure models to investigate the impact of the various model assumptions on the accuracy and precision of the derived energy intake estimates.
The study of Thomas et al (13) used a mathematical model of energy balance dynamics to address the reason for the body weight plateau that typically occurs at ;6 mo after initiating a weight-loss intervention (16) . At the weight plateau, the rate of weight change is zero and a state of energy balance is achieved with energy intake equaling expenditure. Thomas et al addressed whether the timing of the weight plateau primarily results from suppressed energy expenditure or a loss of diet adherence. Previous mathematical models addressing this question concluded that loss of diet adherence was the primary driver of the typical weight plateau, with the level of energy restriction at the beginning of the intervention having waned considerably by the time of the plateau (4, 6).
To investigate the role of variable amounts of metabolic adaptation, Thomas et al adjusted a model parameter that controlled the suppression of energy expenditure during weight loss. They found that variations of this parameter only affected the magnitude of weight change but did not affect the timing of the weight plateau. Specifically, a step reduction in energy intake resulted in model-simulated weight-loss trajectories that were approximately exponential with half-times of ;20 wk and independent of the energy expenditure parameter (the authors' Figure 2 ). Therefore, a weight plateau at 6 mo could not be explained by the modified energy expenditure model and loss of diet adherence was concluded to be the primary driver of the weight plateau, in agreement with previous models (4, 6).
Thomas et al also included a stochastic element within their model by allowing random fluctuations in energy intake to simulate intermittent loss of diet adherence. Previous mathematical models have shown that large, random, uncorrelated variations in energy intake over time result in relatively small weight fluctuations, and the overall weight trajectory is primarily determined by the long-term average energy intake (17) (18) (19) , including the ubiquitous weight plateau (17) . However, when energy intake fluctuations have a substantial autocorrelation over many days, fluctuations in body weight become more prominent and can exhibit extended periods of increasing or decreasing body weight (17) . Thomas et al suggest that such weight oscillations may be indicative of intermittent periods of diet nonadherence lasting many days and that detection of these periods may be clinically useful. This is an important idea that could be implemented by using personalized mathematical models of metabolism in concert with repeated body weight and physical activity measurements to provide quantitative feedback to patients and weight-management professionals to help guide individual weight-loss programs (17) .
The author reported a US patent application assigned to the NIH related to the use of mathematical models of human metabolism for body weight management.
